A quantitative definition of left ventricular asynergy utilizing instantaneous segmental dynamics is proposed. The concepts of akinesis, asyneresis, dyskinesis, and asynchrony are embodied in a single, easily derived quantity.
T. R. Harrison (1965) first defined ventricular synergy as the teamwork which must exist between the different parts of a single ventricle to provide maximum mechanical efficiency during contraction. Herman and Gorlin (1969) subsequently defined four types of asynergy seen on left ventricular cineangiograms: ( I ) akinesistotal lack of motion of a portion of the ventricular wall; (2) asyneresis -diminished or inadequate motion of a part of the wall; (3) dyskinesis -paradoxical systolic expansion of a part of the wall; and (4) asynchrony -a disturbed temporal sequence of contraction. They concluded that these abnormalities were related to ischaemia, cardiomyopathy, and ectopic ventricular activation and suggested that asynergy represents an important cause of cardiac failure.
While these concepts have found wide usage in the qualitative description of ventricular dynamics, they do not provide a basis for a quantitative definition of ventricular asynergy. It is the purpose of this communication to propose such a quantitative definition using the spatial and temporal properties of ventricular contraction as characterized by instantaneous segmental dynamics and demonstrate the ability of this method to detect asynergy induced in the canine subject. 
Methods
A perfectly synergistic ventricle is considered here as one whose normalized instantaneous segmental lengths (expressed as percentages of their end diastolic lengths) are identical throughout systole.
Consider N myocardial segments, with instantaneous lengths h,(t), h,(t), . . . , hN(t). Mean instantaneous length X(t) is defined as
1-
For each beat, end-diastolic time (ted) is defined as the time during the Q-R interval of the electrocardiogram at which X(t) is a maximum, endsystolic time (tea) is defined as the time at which X(t) is a minimum, and the duration of systole T is defined as
For each segment, end-diastolic length [hl(ED)] is defined as the length at end diastole (ie, t = ted), and normalized instantaneous segmental length Ldt) is defined as At any time, t, the instantaneous dispersion 8(t) is defined as the difference between the maximum and minimum values of these normalized segmental lengths. Asynergy (AS) is then defined as duration were obtained in the left lateral projection at 33 frarnes/sec on Kodak RAR (35 mm) film using an Arriflex camera and a Philips 150 KVP lo00 ma source and the 5 in mode of a Philips dual mode image intensifier. The electrocardiographic signal and cine frame marker were recorded on an Electronics for Medicine Physiological Recording oscilloscope with a paper speed of 100 mmlsec. A metal-tipped solenoid activated by the electrocardiographic R-wave was used to mark this event on the cineradiograph. The records from these four dogs were used to establish control values of asynergy in the awake intact canine subject.
Similar films were obtained every second day, starting with the first postoperative day, in dog no. 2334 to measure asynergy changes resulting froni progressive coronary constriction by the ameroids. Dog no. 2176 was re-anaesthetized with 10 mg/kg methohexital, intubated, respiration controlled, and anaesthesia maintained with 1.5% halothane in oxygen. A green Kifa catheter was placed in the left coronary ostium via the left carotid artery and the tip of a paediatric Fogarty catheter was passed through the lumen of the coronary cannula and placed at position C (see Fig. 1 ) in the left interventricular artery. Cineradiograms of five beats duration were obtained immediately before and at 30-sec intervals following inflation of the Fogarty balloon in the artery to detect changes in left ventricular asynergy resulting from acute coronary occlusion. Duration of the acute occlusion was 3 min.
Instantaneous segmental lengths were determined by a frame-to-frame analysis of the cineradiographs as described by Daughters et a1 (1973) . Mean instantaneous lengths, end-diastolic and endsystolic times, end-diastolic segmental lengths, normalized instantaneous segmental lengths, and instantaneous dispersion were determined in accordance with the definition given. Asynergy was calculated for each beat by applying equation 4 to the segments 1-2, 1-3, 2-4, and 3-4 of Fig. 1.' The average asynergy for each five-beat sequence was computed.
The mean and standard deviation of the eight control values of average asynergy were obtained. beat in the control series are shown in Fig. 2 . This illustrates the similarity of normalized instantaneous segmental dynamics throughout systole in the awake, intact normal dog resulting in low values of asynergy. Table 1 shows the average asynergy values for duplicate sequences in the control dogs. The short-term repeatability in the measurement of asynergy is demonstrated. The mean and standard deviation of these asynergy values are 4-8 and 1.3, respectively. Figure 3 shows serial determinations of asynergy during progressive coronary occlusion by ameroid constrictors in dog no. 2334. Left ventricular asynergy increased slowly for I1 days after operation, then markedly increased (p<O.O5) on the 13th day with the occurrence of premature ventricular contractions. Figure 4 shows a typical beat from this sequence. The animal (dog no. 2334) died late in the 13th postoperative day. Figure 5 shows serial determination of asynergy before and after acute balloon occlusion of the left anterior interventricular coronary artery in dog no. 2176. Asynergy markedly increased relative to preocclusion values in this dog (p c 0.05) within one minute after occlusion and remained high until death by fibrillation 47 min after occlusion. Discussion A quantitative definition of ventricular asynergy is offered which summarizes, in a single parameter, the spatial and temporal cooperation of ventricular segments during systole.
The study suggests that asynergy values are comparable between awake, intact dogs; that is, the range of asynergy values is small when principally circumferential segments (defined by the particular sites chosen) are used in the asynergy analysis. Further, the short-term reproducibility of this parameter has been demonstrated (Table l) , and the long term stability is suggested by the data in Figure 3 .
Increases in asynergy values were seen to accompany premature ventricular contraction Three criteria should be applied in selecting segments to be used in this analysis. Firstly, the same ventricular sites should be used in each individual if values of asynergy are to be comparable between individuals. Second, since longitudinal segmental dynamics are known to differ considerably from circumferential segmental dynamics (in humans as well as dogs as 
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evidenced by the data of Ueda et al, 1969), combinations of longitudinal and circumferential segments should be avoided, since such combinations will yield large values of asynergy for the normal heart and possibly reduce the ability of the method to detect significant changes in asynergy. Third, only segments whose length is greater than 100 times the measurement error should be used, in order to minimize the effect of this error.
While many different patterns of contraction can give rise to the same value of asynergy, a higher than normal asynergy value signals the existence of abnormal dynamics, but does not localize the aberration. This must be done by inspection of the dynamics of the individual segments.
High values of asynergy are indicative of ventricular dysfunction, but low values do not in themselves indicate satisfactory ventricular performance. Clearly, low values of asynergy may be encountered in the grossly dilated, failing ventricle contracting uniformly but minimally. 
